The purpose of this study was to elucidate the physicochemical and microbiological properties of Korean traditional rice wine, Makgeolli, supplemented with black garlic extract during fermentation. Black garlic extract was diluted with distilled water to produce 0.5% and 1.0% black garlic solutions. Those solutions were then used to make rice solutions which included 2 kg rice, 40 g Nuruk (a fermentation starter), and 14 g yeast. After being mixed, the rice solutions were fermented for 7 days in a water bath at 28 o C. The alcohol contents of the control, 0.5% and 1.0% black garlic Makgeolli were 16.9, 16.0, and 16.2%, respectively. Total acidity, total soluble solids, and color increased throughout the fermentation process. There was an increase of microorganisms throughout the fermentation period in all the samples. Glucose was the highest free sugar, and succinic acid was the highest organic acid detected in all the samples. Thirty nine volatile compounds were detected in black garlic Makgeolli.
INTRODUCTION
The history of Korean rice wine, or Makgeolli, dates back to the period of Koguryeo, when Chinese literature recorded the manners and customs of consuming Makgeolli (1) (2) (3) . Makgeolli is a popular alcoholic beverage and many different varieties of cocktail Makgeollis have been developed in Korea. Makgeolli has been brewed in the past using the fermentation starter Nuruk, cooked rice, yeasts and some medicinal plants or herbs (4, 5) . Nuruk was traditionally prepared by inoculating moistened ground wheat, or rice, with a mixture of airborne microorganisms such as fungi, yeasts, and a variety of other bacteria (6) (7) (8) (9) (10) . The Nuruk is used to break down the starch so that the resulting sugars can be utilized by the yeast to create Makgeolli. However, there have been some problems, such as the lack of unique characteristics, inferior acceptability, and functionality in Makgeolli that resulted in its decline in popularity. Therefore, many research groups have been studying how to improve the quality of Makgeollis by examining factors such as microbial activities, functional characteristics, utilization of raw materials, manufacture processes, extension of shelf life and more (2, 7, 8, 11, 12) .
For years, garlic, Allium sativum, has been used as a therapeutic medicinal agent. The use of garlic as a medicine has a long history. Drawings and carvings of garlic were found in Egyptian tombs, dating from 3700 BC, and its uses as a remedy for heart disease, tumors, and headaches were documented in the Egyptian Codex Ebers, dating from 1550 BC (13) . Garlic has also been mentioned in the Bible and has been a traditional treatment in many countries (13) . The use of garlic as a preventative and a treatment for a variety of diseases has been found at more than 3000 publications (14) . Garlic has been shown to reduce the risk factors of cardiovascular diseases, such as lowering serum cholesterol and trigylcerides, inhibiting blood coagulation, improving blood circulation and lowering blood pressure (4) . Also, it has been demonstrated that garlic, garlic extracts, and extract components have cancer preventative actions (13) . However, people turn away from garlic because of its unpleasant odors and unpleasant gastric side effects.
Black garlic, or aged garlic, is an odorless product that results from prolonged fermentation of fresh garlic at room temperature. Black garlic has been reported to have an array of pharmacologic effects. Black garlic is highly bioavailable and has biological activities in vitro in both animals and humans. It contains water-soluble allyl amino acid derivatives, which account for most of its organosulfur content, stable lipid soluble allyl sulfides, flavonoids, saponins and essential and micronutrients (13) . Due to its organosulfur and phenolic compounds, black garlic is noted for its potent antioxidant activity (13) . A substantial amount of evidence shows that black garlic and its components inhibit the oxidative damage that results in a variety of diseases and aging. Also, black garlic has been noted for its effects in immunomodulation. Kyo et al. (14) reported that Allium vegetables, including garlic, inhibit the release of β-hexosaminidase, which is correlated with histamine release, and the data from that study suggests that black garlic may directly and/or indirectly modify the function of mast cells, basophils and activated T lymphocytes, which play a leading role in allergic cascade reactions including inflammation. This report also showed that black garlic had a variety of pharmacological effects, including tumor cell growth inhibition and chemopreventative effects (14) . Therefore, the present study examined the physicochemical and microbial properties of Makgeolli supplemented with black garlic extracts during fermentation.
MATERIALS AND METHODS

Materials
Rice was purchased from a local market (Yongin, Korea), and black garlic extract was obtained from Nesco Ltd. (Gimhae, Korea). Nuruk and yeast were obtained from Korea Enzyme Co. (Hwaseong, Korea) and Saf-instant (Lesaffre, France), respectively.
Preparation of the control and black garlic Makgeolli
The preparation of the control and the black garlic Makgeollis are shown in Fig. 1 . Two kg of rice were rinsed and soaked in tap water for 3 hr. After soaking, the rice was then drained of the water for 40 min and immediately steamed for 40 min. After the rice was steamed, the heat was turned off and the rice was left to sit for 20 min. The rice was quickly cooled by spreading out thinly on an aluminum pan. Once the rice was cooled, it was placed in a 10 L glass bottle, along with the Nuruk (40 g), yeast (14 g ), and distilled water (3.5 L) and mixed. The top was secured with a plastic wrap and a rubber band and placed in a water bath at 28 o C and allowed to ferment for 7 days. Before investigating the physicochemical and microbial properties of each Makgeolli, the samples were filtered (Advantec 5B, Tokyo Roshi Kaisha, Ltd., Tokyo, Japan).
Alcohol content
The alcohol content of Makgeolli was measured using the procedures adapted from Woo et al. (15) . Briefly, 100 mL of the sample was run through a distiller until 70 mL was collected. The collected sample was set to 100 mL with distilled water and the alcohol content (%) was measured using an alcohol hydrometer. The alcohol-temperature correction table was used with the sample's alcohol content and temperature.
pH, total acidity, and total soluble solid content The pH was measured using an Orion 3 Star pH Benchtop (Thermo Electron Co., Beverly, MA, USA). To investigate the total acidity, 10 mL of the samples were combined with the indicator (Bromothymol blue and neutral red) and titrated with a 0.1 N NaOH solution. The amount (mL) of NaOH used was expressed in a percentage equivalent to tartaric acid (16) . The total soluble solid content was elucidated using a Digital refractometer (Model Dr-103L, Bellingham＋Stanley Ltd., Tumbridge Wells, UK) and measured in Brix ( o Bx).
Color
The color values were obtained using the Tri-Stimulus Colorimeter (Model JC801, Color Techno System Co., Tokyo, Japan). They were calibrated with the original value with a standard plate (L=98.48, a=0.14, b=-0.41). Hunter's L (lightness), a (redness), and b (yellowness) values were obtained.
Total viable cells, lactic acid bacteria, and yeast
Total viable cells, lactic acid bacteria, and yeast counts were measured according to the Korean Food and Drug Association (16) . The standard plate count was used on the pour plate method for each sample. Mixed samples were diluted using the 10 fold dilution with sterile saline (0.85% NaCl). In the total viable cell count, 1 mL of the diluted sample was mixed with 20 mL of PCA (plate count agar, Difco tm , Lawrence, KA, USA) and incubated at 37 o C for 48 hr. In the lactic acid bacteria count, 1 mL of the diluted samples was mixed with 20 mL of BCP (bromocresol purple agar, Eiken Chemical, Tokyo, Japan) and incubated at 37 o C for 72 hr. In the yeast count, 1 mL of the diluted sample was mixed with 20 mL of PDA (potato dextrose agar, Difco tm ) and incubated at 25 o C for 120 hr. The number of microorganisms was counted by colony forming units (CFU). 
Free sugar
Free sugar contents were evaluated using the method adapted from Kerem et al. (17) . The samples were filtered through a 0.2 μm membrane filter and analyzed by HPLC system (JASCO Co., Tokyo, Japan) with an RI detector (RI-930). Using the external standard method, the standards (fructose, glucose, sucrose, maltose and lactose) were used and the curve was quantified. The HPLC conditions were set as follows: the flow rate of mobile phase (75% acetonitrile) through the carbohydrate high performance column (4.0 μm, 4.6 × 250 mm, Waters, Milford, MA, USA) was 1.4 mL/min and the column temperature was set at 35 o C.
Organic acid
Organic acid contents were elucidated according to the procedure described by Kerem et al. (17) . The samples were filtered through a 0.2 μm membrane filter and analyzed with an HPLC system (JASCO Co.) with a multiwavlength detector (MD-2010 Plus). Using the external standard method, the standards (oxalic acid, citric acid, tartaric acid, malic acid, succinic acid, lactic acid, and acetic acid) were used and the curve was quantified. The HPLC conditions were set as follows: the flow rate of mobile phase (0.1% phosphoric acid) through the Supelgel C-610H column (9 μm, 7.8 × 300 mm, Sigma, St. Louis, MO, USA) was 0.5 mL/min and the column temperature was set at 30 o C.
Volatile compounds
Twenty mL of the samples were combined with 15 μL of octanal (the standard for the analysis of volatile compounds) in a 240 mL screwtop amber bottle (SigmaAldrich Co., St. Louis, MO, USA). The samples were placed in a 50 o C dry oven for 10 min and the volatile compounds were collected. The volatile compounds were analyzed using the GC-GC GC/MS-QP2010 MS (Shimazhu, Kyoto, Japan), and the condition at which they were analyzed were as follows: GC was run with AT1 column (60 m × 0.25 mm, Shimazhu), and the rate of temperature increase was 
Statistical analysis
All statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). Analysis of variance (ANOVA) was performed using the general linear models (GLM) procedure to determine significant differences among the samples. Means were compared by using Fisher's least significant difference (LSD) procedure. Significance was defined at the 5% level.
RESULTS AND DISCUSSION
Alcohol content
The alcohol contents of the control, 0.5% and 1.0% black garlic Makgeollis on the final fermentation day were 16.9, 16.0 and 16.2%, respectively ( Table 1) . The values for all the samples studied fell within the range of alcohol content of 15～18% for rice wines before dilution (18) . The alcohol contents of the Makgeollis show the degree of fermentation throughout the fermentation process, and the alcohol content is one of the factors that affect the quality of Takju (19) . Throughout the process of fermentation, starch is converted to glucose through hydrolysis and the glucose is then converted into alcohol by yeast. The by-product of this reaction is CO 2 and can be seen throughout the fermentation process as bubbles forming in the samples.
pH, total acidity, and total soluble solid content
The pH, total acidity, and total soluble solid contents of the control, 0.5% and 1.0% black garlic Makgeollis are seen in Fig. 2 . The pH of the control, 0.5% and 1.0% black garlic Makgeolli were similar throughout the 7-day fermentation process. All three samples had a similar initial pH of around 6.0, and it was observed that the pH for all the samples decreased sharply on day 1 of the fermentation to around a pH value of 3.8 and slightly increased from then on to around a pH value of 4.5. Seo et al. (1) also reported a slight increase after the initial drop in the pH throughout fermentation period. The final pH values of the samples were similar to the pH levels of Makgeollis in other studies, which ranged from a pH of 3.4 to 4.5 due to the production of organic acids (1,4,18 ).
There were no considerable differences in the total acidity values between all the samples throughout the 7 day fermentation process. The total acidity values of all samples sharply increased on day 1 of the fermentation period and continued to slowly increase to around 0.3% by day 7. Generally speaking, microbes produce organic acids, which affect the total acidity of the Makgeolli, and the change of the total acidity is a factor for knowing the change of compounds in the Makgeolli (20) . In addition, it is reported that the combination of the total acidity and the volatile compounds of the Makgeolli affect the quality of flavor in the Makgeolli Fermentation period (day) Fermentation period (day) Fermentation period (day) Fig. 2 . pH values, total acidity values and total soluble solid contents of the control and black garlic Makgeolli throughout the 7-day fermentation period. Bx for the control, 0.5% and 1.0% black garlic Makgeolli, respectively. The total soluble solid contents show microbial reactions within the Makgeolli. Throughout fermentation, starch is converted to glucose; therefore, the increase in total soluble solids in the present study might indicate the increase of soluble sugar. For the pH, total acidity, and total soluble solid contents, the greatest change happened on day 1 of the fermentation period. This implies that most of the microbial activities may occur on the first day of the fermentation period.
Color
The values for the color analysis are shown in Table  2 . As expected, the lightest Makgeolli, the sample with the highest L value, was the control, followed by the 0.5% black garlic Makgeolli, then the 1.0% black garlic Makgeolli. The 1.0% black garlic Makgeolli had the highest a and b values while the control had the lowest a and b values. Throughout fermentation, it can be seen that L, a and b values increased. The increase of the values was also seen in a study by Kim et al. (19) and Park et al. (21) .
Microbial changes
The microbial count for the total viable cells, lactic acid bacteria, and yeast are shown in There was an increase of microorganisms in all the samples after the 7-day fermentation. The increase of total microorganisms throughout the fermentation process was in agreement with the findings from Rhee et al. (22), who compared traditional (Samhaeju) and industrial (Chongju) rice wine brewing in Korea. Furthermore, Seo et al. (1), who identified the lactic acid bacteria involved in traditional Korean rice wine during fermentation, reported an increase of total microorganisms throughout fermentation.
Free sugar
Among all the free sugars studied in the present study, the major free sugar detected in all samples was glucose (Table 4 ). There was a significant decrease in the glucose content from day 1 of the fermentation period to day 7 in the samples. Glucose is an important part of the 146 Yoonhwa Jeong fermentation process due to the role it plays: it is the conversion of glucose that creates alcohol in the Makgeolli, and the production of glucose is through the hydrolysis of starch by amylase in Nuruk.
In the present study, the initial amount of glucose increased with the addition of black garlic extract. The 1.0% black garlic Makgeolli had a greater amount of glucose than the 0.5% black garlic Makgeolli and the control had the least initial amount of glucose. Glucose was also found to be a major free sugar in a study by Park et al. (23) . The sucrose, maltose, and lactose contents in both the black garlic Makgeollis were significantly greater than those in the control on the final fermentation day. Overall, the addition of black garlic extract seemed to increase the final amount of free sugars in the Makgeollis. According to Kim et al. (19) , fructose, glucose and maltose were found to be the major reducing sugar used by yeast to create alcohol and were associated with the particular taste of Makgeolli.
Organic acid
There were significant increases in the organic acid contents for tartaric acid, malic acid, succinic acid, lactic acid, and acetic acid throughout the fermentation period (Table 5) . For all the samples, succinic acid contents were the highest among all the organic acids after the 7 day fermentation period. Lactic acid was found to be low, along with acetic acid, malic acid, tartaric acid, citric acid and oxalic acid, in all the samples. Though lactic acid was lower than expected, the production of organic acid may be dependent on several factors, including Nur- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39   362  367  373  600  603  623  650  670  676  699  727  730  770  775  786  790  794  795  797  799  801  806  831  860  864  870  885  901  961  996  1046  1061  1068  1100  1107  1124  1195  1799 uk quality and fermentation conditions (6) . The pattern of having high succinic acid and low lactic acid was also seen in a study by Rhee et al. (22) , who suggest that the suppression of lactic acid and the increase of succinic acid may be due to the high colony forming units of yeast in the initial stage of brewing, which may suppress the acid forming bacteria.
Volatile compound
The relative peak areas of volatile compounds are shown in Table 6 . A total of 39 volatile compounds were detected in the control and black garlic Makgeollis. Esters and alcohols were found to be the major components in the volatile compounds for all the samples. Among ester compounds, the relative peak areas of ethyl acetate were highest for all the samples. The control, 0.5, and 1.0% black garlic Makgeollis had 20.037, 15.447, and 26.470% ethyl acetate, respectively. The results were consistent with other studies (4, 22) . Ethyl acetate is a major volatile compound that gives Makgeolli its fruity taste (17) . In a study by Kwon et al. (24) , (E)-cinnamaldehyde, ethyl linoleate, ethyl linolenate, ethyl caprate, and ethyl palmitate were major esters found. The differences in the compounds detected, as compared with the present study, could be due to the differences in yeast and/or ingredients.
As for the alcohols, there was a difference between the control and the black garlic Makgeollis. All the samples had 3-methyl-1-butanol as one of the major alcohol components (34.045, 41.818, and 40.601% for the control, 0.5, and 1.0% black garlic Makgeolli, respectively). However, the control also had 3-methylbutanol (22.469 %) for a major component and the 0.5 and 1.0% black garlic Makgeolli had 2-methyl-1-propanol (30.301 and 1.253, respectively). All of the major components seem to be yeast fermentation products (4) . It was reported by Han et al. (8) that a greater content of 2-methyl-1-propanol than 3-methyl-1-butanol resulted in a low quality Makgeolli.
Acetaldehyde is also a volatile compound that was found in the Makgeollis. Acetaladehyde stimulates the smell and is also found in traditional Soju and Chonju as well (25) . Shin et al. (25) analyzed 9 different alcohols, excluding ethanol, and reported that iso-amyl alcohol and iso-butyl alcohol were found to be the main alcohol. Lee et al. (26) studied the effect of different yeasts on eight different types of alcohol. Four out of 5 Makgeollis were observed to have iso-amyl alcohol as their major alcohol. The differences of detected volatile compounds in the present study may be due to the differences in the yeast and/or ingredients.
